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In  a  raerr.oru.ndun  to  the  President,  Mississippi  Eiver  Commission, 
daocd  13  May  .  abject  "Special  Projects  for  the  Fiscal  Year  19^9," 

the  Waterways  Experiment  Station  proposed  an  investigation  entitled 
"Correlation  of  Soil  Properties  with  Geologic  Information."  The  project 
was  approved  in  the  1st  Memo  Indorsement  dated  14  June  1940,  This  report 
is  the  first  of  a  series  to  bi.  pub  1.  is  hod  on  this  investigation. 

Tho  concept  upon  which  this  report  is  busod  was  contributed  by 
Dr.  A.  Casa grande,  whose  valuable  assistance  is  hereby  acknowledged. 
Acknowledgement  is  also  mado  to  the  New  Orleans,  Vicksburg,  and  Memphis 
Districts,  CE,  for  the  use  of  their  laboratory  data  files  which  aided 
materially  in  the  accomplishment  of  the  investigation. 

Tho  study  was  performed  by  tho  Embankment  and  Foundation  Branch 
of  the  Coils  Division,  Waterways  Experiment  Station.  Engineers  connected 
witii  th.  study  wore  Messrs.  W.  J.  Turnbull,  S.  J.  Johnson,  A.  A.  Maxwell, 
S.  Pilch  and  C.  D.  Burns.  This  report  was  prepared  by  Mr.  Pilch. 
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PAET  I:  riTJiODUCTICi'l 

\ 

1.  The  General  project  o;’  correlating  soil  properties  with 
Geologic  information,  one  phase  of  which  is  described  in  this  report, 
consists  in  comparing  soil  properties  with  soil  typos  and  with  their 
geologic  history  and  environment  in  order  to  determine  what  -correla¬ 
tions  arc  possible.  correlations  are  found  to  exist,  it  would  bo 
possible  to  reduce  -aeorutory  testing  materially  at  sites  where  geo¬ 
logic  information  is  available,  and  to  obtain  a  better  understanding' 

of  the  behavior  and  properties  of  the  soils.  The  purpose  of  this  report 
is  to  present  data  and  analyses  from  liquid  limit  tests,  and  correla¬ 
tion^  wl.ich  may  materially  reduce  the  cost  of  performing  this  test. 

2.  Dr.  Arthur  Casagrando  suggested  that  flow  lines  determined  by 
Itqv.id  limit  tests,  plotting  both  water  content  and  number  of  blows  to  a 

.rithmic  scale,  might  have  a  constant  slope  for  soils  of  the  same 
. poiogio  origin.  The  basic  for  the  idea  that  a  logarithmic  plot  would 
give  a  ccii-tant  flow- lino  slope,  which  the  currently- used  semilogarith- 
ni:Lc  plot  sows  not,  is  as  follows:  On  a  scmilqgarithmic  plot,  flow  lines 
of  .  ignec  liquid  limit  values  have,  in  general,  steeper  slopes  than  flow 
l:h*>  o,.  lower  liquid  limit  values.  However,  a  logarithmic  plot  reduces 

tlu;  ■  •  io i >* ;  o.'  the  highor  liquid  limit  flow  lines  more  than  it  does  the  lower, 
th-.  tending  to  make  them  equal  at:  is  clearly  illustrated  by  figure  1. 
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i‘’ig.  1.  Semi- logarithmic  and 
logarithmic  liquid  limit  flow 
line  plots 


3.  It  van  apparent  that  this 
sugr.cstcd  procedure  hud  practical 
pocsibiliticc  that  could  he  ex¬ 
plored  rather  rapidly,  .'iljict;  tlio 
liquid  limit  test  is  a  dcslruldu 
hut  costly  type  of  classification 
test,  it  war.  decided  to  determine 
the  feasibility  of  using  the  liquid 
limit  test  procedure  simplification 
suggested  by  Dr.  Casagrandc. 

4.  This  report  doscribcs  tho 
results  of  unulyses  of  7('7  liquid 
limit  tests.  The  tests  were  per¬ 
formed  by  tho  Now  Orleans,  Vicks¬ 
burg  and  Memphis  Districts,  and 
tho  Waterways  Experiment  Station, 


C3,  in  connection  with  various  projects  under  tho  Jurisdiction  of  the 
Mississippi  River  Commission  and  the  Lowor  Mississippi  Valloy  Division. 
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T  II:  PRESET;?  AID  PROPOSED  LIQUID  LIMIT  TEST  PROCEDURES 


Present  Test  I’roceduru 


p.  The  Atterberg  liquid  limit  tost  has  been  standardised  as  to 
procedure  and  equipment*.  The  testing  device  consists  essentially  of  a 
r.r.all  bress  dish  which  can  bo  raised  a  distance  of  one  contimotor  by  a 
cam  arrangement  and  allowed  to  drop  on  a  hard  rubber  base.  Tho  soil 
specimen  is  placed  in  this  dish  and  a  groove  is  cut  in  tho  specimen  with 
a  special  grooving  tool.  The  dish  is  then  dropped  on  tho  base  at  ‘a  rate 
of  two  drops,  or  "blows,"  per  second  until  a  l/2-in.  length  of  the 
groove  is  closed  by  tho  flowing  together  of  tho  soil  on  each  cido  of  tho 
groove.  The  liquid  limit  is  the  water  content  of  the  soil  when  the 
groove  closes  with  25  blows.  It  would  be  too  time-consuming  to  adjust 
the  water  content  of  a  soil  specimen  so  that  the  groove  would  close  at 
exactly  25  blows.  Hence  the  test  is  made  at  several  water  contents,  and 
the  water  content  at  25  blows  is  found  by  straight-line  interpolation  on 
a  graph,  plotting  tho  number  of  blows  on  a  logarithmic  scale  and  wator 
content  on  an  arithmetic  scale;  figure  1-a  is  a  typical  plot.  Tho  line 
determined  by  the  plotting  of  number  of  blows  versus  wator  content  is 
called  a  flow  line. 


Proposed  Method  of  Simplifying  Tost  Procedure 

4 

C.  It  can  be  soon  from  figuro  1-a  that  six  points  have  boon  used 
to  a*  i' I.i if  a  flow  l:Lno  on  a  simllogarltJunic  plot.  If  it  can  bu  uhown 

,'a:tarf.;mlo.  A.,  "Hononivh  on  tho  AlUu’borg  Limits  of  Holla, "  Public 
•  >•  •  "i;’,,  Vol.,  .'Ij,  No,  M,  October  I'M', 
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t,;,;u  th.  dope  of  the  flow  linos  for  voile,  in  the  naw:  ,'-olo;'le  roneit.  ion 
rj  a  constant  on  a  logaritimc  plot,  tlicn  the  liquid  limit,  can  be  doter- 
miiu'vl  from  one  tost  point  for  each  noil.  The  point  can  b<-  plotted  on 
logarittaic  paper,  and  the  flow  line,  with  its  j»: redeturmin.nl  slope,  drawn 
though  this  point.  The  liquid  limit  would  be  the  water  content  at  thu 
intersection  of  the  flow  lino  and  the  25-blov  line.  A  nomographic  chart 
could  also  be  made  representing  the  relationship  between  the  liquid  limit, 
water  content,  and  number  of  blows  for  a  given  flow  line  slope. 
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PART  III:  DATA  ANALYSIS  AIJP  RE7ULTG 

.  Sources  of  Data. 

.  The  soils  for  which  liquid  limit  test  data  wore  analyzed  fall 
into  three  main  geographical  groups :  the  Alluvial  Valley  of  the  Missis¬ 
sippi  River,  the  West  Gulf  Coastal  Plain,  and  the  East  Gulf  Coastal 
Plain.  A  few  project  locations  lie  outside  of  these  groups  and  are 
listed  as  Miscellaneous.  Plate  1  shows  the  locations  of  the  projects 
from  which  data  were  analysed. 

8.  Geologically,  the  soils  tested  fall  within  the  following  major 
groups:  Re,-,  ul  (alluvium,  backswamp,  natural  levee,  channel  filling, 
marsh,  aim  murine).  Pli  istoccnc,  Tertiary,  and  glacial  till.  Tables  .1 
and  suov  .iu-  locations  and  geologic  types  of  soils  at  the  projects 
from  wiiie , .  u.  .ta  were  used. 

p.  All  of  the  tests  were  also  classified  as  to  their  plasticity 
chums i ristics.  for  this  purpose,  Casagrande's  plasticity  chart  of 
liquid  limit  versus  plasticity  index  was  used  (plate  2).  The  plasticity 
charts  for  all  the  projects  and  tests  used  are  presented  on  plates  3  to 
7.  The  plasticity  charts  were  consolidated  according  to  the  three  major 
geographic  groupings,  and  these  charts  are  shown  by  plates  8,  9  and  10. 
Is.  general,  the  coils  analyzed  were  medium  to  highly  plastic  inorganic 
clays,  and  a  few  silts  and  sandy  clays.  * 

Conversion  of  Data 


10.  buLu  examined  for  this  study  wore  of  the  form  shown  on  figure 
1-s  where  the  number  of  blows  is  plotted  logarithmically  and  the  water 
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To  determine  Uic  slop  of  .  flow  line  on  a  fully 


t 

.•onr.cnt  arithm  tic  ally. 

1.3  ••-.rithmic  plot,  it  war:  not  necessary  to  replot  tin;  data.  Tin  slope  of 
a  flow  line  on  a  logaritimiic  plot  can  be  computed  from  1  he  scmilogarith- 
:;.ic  plot  by  the  following  relationship: 

„  ^10 

lor  w1G  -  log  w-q  lo'r,:  w^q 
tan  K"  13  log  30  -  loc  10  =  O.htr 

fere  tan  3  =  the  slope  of  the  flow  lino  on  a  logarithmic  plot  with 

reference  to  the  horizontal, 

v10  --  the  water  content  at  10  blows  )  from  flow  line  on 

)  semi logarithmic 

v30  -  the  water  content  at  30  "blows  )  plot 

Ten  and  30  blows  were  arbitrarily  selected  for  convenience.  This  method 
is  not  theoretically  exact,  as  a  straight  line  (except  a  vertical  or 
horizontal  one)  on  a  scmilogaritlunic  plot  will  not  be  a  straight  line 
when  plotted  logaritlunically.  However,  within  the  range  in  water  con¬ 
tents  and  number  of  blows  of  a  single  flow  line  for  the  data  utilized, 
the  variation  from  a  straight  line  is  so  small  as  to  be  of  no  conse¬ 
quence.  Figure  1-b  shows  data  from  figure  1-a  plotted  logarithmically. 

Methods  Used  in  Analysis  of  Data 

11.  All  of  the  data  examined  were  used  except  for  a  few  tests  in 
which  it  was  obvious  that  the  test  points  were  so  erratic  that  a  reason- 
ably  precise  flow  line  could  not  be  determined.  The  data  were  also 
limited  to  tests  for  which  the  liquid  limit  was  loss  than  1^0. 

If-’.  It  should  be  noted  that  liquid  limit  tost  results  depend  to  a 
considerable  xtont  on  individual  te  luiicjue;  and  since  the  tests  analyzed 
w«n-<>  performed  by  many  l.urliu  i.e lew;;,  some  degree  of  control  over  (die  dal. a 
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13.  The  large  number  of  test:;  utilized  made  it  nee os:  ary  to  a  ; out 
methods  to  present  the  data  in  a  concise,  yet  complete  form.  To  fill 
this  need,  statistical  incthous  were  used  in  analysis  of  the  data  and 
presentation  of  results.  The  statistical  methods  and  nomenclature  used 


those  recommended  by  the  American  Society  for  Testing  Materials.-'-- 


Nomenclature  and  Def  init ions 


1J‘  •  for  purposes  of  clarity,  the  nomenclature  and  definitions  used 
in  this  study  arc  given  below: 

tan  (B  tan  3  2>  ^an  33 . tan  3  n:  observed  values  of 

tan  p  >  slope  of  flow  line  on  a  logarithmic  plot, 
n:  the  number  of  observations. 

f:  the  frequency,  the  number  of  observations  for  a  given 
value,  or  interval,  of  tan  3  . 
tan  3  •  tiie  arithmetic  mean  or  average,  referred  to  as  tiv 
mean  in  this  report. 


n 

_ 2  tar*  n 

tan  6  -  -  ,  where  >  tan  fi  .  means  the 

n  .  i=i  1 

4 

sum  of  all  the  values  of  tan  3  from  tan  3  ±  to 

t; l  t  3  ,  inclusive, 
a 


A.S.T.M.  Manual  on  "Presentation  of  fata,"  April  1945  (reprint). 
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.  h*  or*  tienlly  correct  frequency  distribution  (s 
fipuy*  .:  ,  ;  .age  10 ) , 


Analysis  of  Data  with  Respect  to  Geolog 


lb.  The  individual  values  of  tan  3  were  computed  to  the  nearest 
thousandth  by  the  method  discussed  in  paragraph  10.  To  show  graphical  ly 
i,iie  uistributiou  of  tan  3  l’or  each  geologic  soil  type  within  the  pro.j-  • 
rots,  frequency  liisto; 'l’amii  were  plotted  (plates  11-22),  'Ll te  fi'oquenoy 
histograms  have  as  their  abscissas  values  of  tan  3  grouped  in  classes 
with  intervals  of  19  thousandths,  and  as  their  ordinates,  the  frequency. 

16.  The  mean  tan  3  tor  each  project  was  computed  by  the  equation 
i:i  paragraph  14.  These  means  are  listed  in  tables  1  and  2  and  arc 
plotted  on  the  histograms;  the  means  from  all  the  various  geologic  types 
ur.a  projects  range  from  0.094  (White  River  Levee  District,  Recent 

V. 

alluvium,  29  tests)  to  0.143  (Algiers  Lock,  Recent  marine,  3  tests),  a 
range  of  0.049.  The  range  of  tan  (?  within  each  geologic  soil  type 
averages  about  0.1;  maximum  range  0.168  (Grenada  Dam  Tertiary,  Eocene), 
minimum  range  0.050  (Greenwood  Protection  Levco,  Recent  alluvium).  The 
range  of  tan  3  within  soil  groups  of  the  same  geologic  classification 
is  greater  than  the  range  of  the  moans  of  all  geologic  soil  types.  Also, 
an  inspection  of  the  means  in  tables  1  and  2  shows  no  tendency  for  each 
gcolo  'ie  type  to  group  itself  about  a  single  mean  tan  3  •  From  these 
observations  it  appears  that,  for  the  soil  types  studied,  the  slope  of 
Un  I'iov  line  Is;  no b  directly  related  to  the  geologic  classification  of 
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17.  The  data  Were  also  analysed  by  , "rouping  the  tests  accord. Inc  to 


their  £00 Graphical  location:  Alluvial  Valley  of  the  Mississippi  diver, 
West  Gulf  Coastal  Plain,  and  East  Gulf  Coastal  Plain.  Histograms  shoving 
the  distribution  of  tan  3  Tor  the  tests  from  these  areas  are  shown  in 
f intros  2,  3,  and  b.  Those  histograms  have  as  tlioir  abscissas  values  of 
tail  f-  ; ’.rouped  in  classes  vith  intervals  of  l‘„>  thousandths  and.  as  their 
ordinates,  nor  cent  frequency.  The  mean  tan  3  >  standard  deviation,  co¬ 
efficient  of  variation,  and  skewness  were  computed  for  these  areas  and 
the  results  arc  listed  in  table  3  in  addition  to  the  number  of  teste  and 
ranees  in  tan  3  and  plasticity.  The  means  ranee  from  O.H',3  to  0.130,  or 


' I ; Histo/'i'nm  ol’  the  Alluvial 
V  l..l«  y  of  the  Miss  ins.l|»|il.  Klvor  — 
Vh'  tests 


I'V.,  3.  Ulstor.l'Mili  of  the  West 
Gul  f  Coasts  I  IMs  III  --  I  51.  te.i!  s 


tf'W 


r  - — ~r— ■^“nr-r— nm  . —mu • 


n 


1  !,  ^  *!»■  >**  0  .«**  I 


IAN 


Fig.  4.  Histogram  of 
Gulf  Coastal  Plain  -- 


the  Pact 
13P  tests 


expressed  in  degrees  of  p  npr<  runt 
;i  range  of  0.71)  dogr< •«•».  Tin  stand¬ 
ard  deviations  ran go  J’rom  0,02tt  to 
0.0J1;,  nut!  the  co<  g1’ ie  i  .  nts  of  vari¬ 
ation  from  22.4  to  ,l‘>  per  cunt. 

Thu  skewnesses  range  from  +0,42  to 
+0.yj>.  All  three  hie  to  'X’ums  art; 
skewed  to  the  right,  us  indicated  by 
the  positive  values  ol’  skewness. 
Using  the  means  and  standard  devia¬ 
tions,  it  was  possible  to  compute 
normal  frequency  curves  which  boot 
fitted  the  distributions,  and  those 


curves  are  superimposed  on  the  his¬ 
tograms  of  figures  2-4. 

16,  The  means,  standard 
deviations,  coefficients  of  varia¬ 
tion,  and  skewnesses  were  so  close 
toother  for  the  three  areas  that 
it  was  believed  that  a  more  accurate 
representation  of  the  data  could  be 
obtained  by  combining  all  7^7  tests 
i  oi  •  hi;  to/Tam,  figure  '['his 
histogram  contains,  in  addition  to 
the  tests  from  the  Alluvial  Valley 


Pig.  5.  Histogram  of  all  7«7  tests 
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of  the  Mississippi  River  and  the  East  and  West  Gull’  Coastal  I ‘bains ,  thr 
tests  from  the  two  projects  outside  these  three  general  ureas:  Garrison 

Ram,  N.R.,  mean  0.1R3,  and  Rlukely  Mountain  Dam,  Arl:,,  me  in  ‘Vl'-i.  The 

« 

moan  for  nil  7^7  tests  is  O.lGl,  the  standard  deviation  ,  the  eo<  J‘-  , 

ficient  o.t‘  variation  '<lG.h  per  cent,  and  the  skewness  i-oji:’  ( t . 1  ■  ■  0, 

The  norir.nl  frequency  airvc  was.  computed  and  sup-r  imposed  on  the  histogram, 
l' if  jure  'j.  This  histogram  best  fits  its  normal  iVoquency  curvi  ,  as  n  com¬ 
parison  with  the  histograms  of  figures  Ji-h  shows.  Tills  .was  to  be  expected 
because  of  the  large  number  of  tests  used  in  its  development.  The  l’uct 
that  the  skownoso  coefficient  is  lower  for  the  histogram  of  all  the  tests 
than  for  any  of  the  throe  principal  geographic  areas  is  also  indicative 
of  a  bettor  fit  to  the  normal  frequency  curve. 


Analysis  of  Results 


Equation  for  tho  liquid  limit 
o:i  a  lepuritlunic  plot 

19.  It  can  bo  show,  that  the  valuo  for  tho  liquid  limit  using  a 
logarithmic  plot  and  ono  point  on  tho  flow  lino  is  dotormined  by  tho 
equation: 


LL  =  v.T 
N 


0 


whore  LL  =  liquid  limit, 

wN  a  water  content  at  N  blows  from  the  liquid  limit 
dovico, 

tan  p  a  slopo  of  tho  f..ow  lino  on  a  logarithmic  plot. 
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1'..  the  olo;  -.!  Oi'  U.»- 
;»>  _o .'  t ! i . _ ii.juj  s _ l  i ::; ‘  1- 


20.  The  method  of  differentials  is  applicable  to  measuring  th 


effect  of  variations  in  tan  on  the  value  oi  the  liquid  Unit.  The 
expression  for  per  cent  chance  in  the  liquid  limit  is  derived  as  follows: 


! 


(in  refers  to  logarithms  to  the  base  e) 


and  »  In  x  d  (tan  F  ). 

This  may  also  be  written  as: 


-A ..(Lb).  %  =,  In  —  >;  A  (tan  3  )  x  100, 

LL  2'j 

in  which  ~(lAl  r‘o  is  the  per  cent  change  in  the  liquid  limit  for  a  change 

iwi  J 

A  (tan  3  )  in  the  slope  of  the  flow  lino  on  a  logarithmic  plot.  An  in¬ 
spection  of  this  equation  shows  that  tho  per  cent  change  in  the  liquid 
limit  is  independent  of  the  actual  values  of  both  the  liquid  limit  and 
the  slope  of  the  flow  lino.  It  depends  only  on  a  given  variation  in  the 
slope  of  the  flow  line  and  tho  number  of  blows.  Tho  above  equation  is 
plotted  on  figure  6  (page  14)  for  various  valueo  of  N  and  £  (tan  3  ). 

fomn; irlsoii  of  mean  slopes 

21.  The  pertinent  results  determined,  for  tho  geographical  areas 
arc  summarised  on  the  following  page  (from  table  3): 


1 


l 


l; 

i’ 


1 

r 

1 

1 

Ki 

\ 

1. 

p 


* 


If 


Fig#  6.  Per  cent  change  in  liquid  limit  vs  number  of  blows  for 

changes  in  tan  p 


Ho. 

Tests 

Mean 

tan 

Standard 

Deviation 

Coefficient  of 
Variation  (c/o) 

Skew¬ 

ness 

Alluvial  Valley  of  the 
Miss issippi  Fiver 

432 

0.115 

0.032' 

27.6 

+0.55 

West  dull'  Coastal  Plain 

136 

0.125 

O.O20 

22.4 

•t-0.  ‘>2 

East  Gulf  Coastal  Plain 

135 

0.130 

0.035 

26.9 

+0.44 

All  tests  (including  64 

767 

0.121 

*  0.032 

26.4 

CJ 

• 

O 

a. 

Prom  the  Miscellaneous 
,  ‘roup) 


The  magnitude  of  the  differences  between  the  mean  for  all  tests  and  l'or 

*# 

the  tlirec  principal  geographic  areas  is  best  understood  by  reference  to 
the  change  in  the  liquid  limit  due  to  those  variations.  The  mean  of  all 


Idle  bests,  0.121,  differs  from  the  mean  of  tin:  Mis  tins 
Val-I.ey,  (>. .1.1 ' >,  by  O.UOii.  Tills  would  make  a  d:lf.l ’uremic 
limit  deli  rmlnat  ion  of  0.3  pen.*  cunt,  using  Vj  blows. 


ippi  Klvcr  Alluvl, 
in  tin*  ..1  i t |u  1 .1 
.  Til'i  : 


it 


figure  i> 


jr 


illus  U”-tos  that  the  d  i.  ff eroncoe  between  the  means  in  the  above  table  arc 
o'  an  extremely  small  magnitude  when  referred  to  the  differences  that 
thej  would  make  in  computin'*  liquid  limits.  The  means  of  the  West  Gulf 
Coastal  Plain  and  the  hast  Gulf  Coastal  Plain,  although  from  relatively 
small  numbers  of  tests,  differ  from  the  mean  of  0.121  by  0.004  and  0.00 y, 
respectively.  The  dispersion  of  data  about  the  four  individual  means  is 
least  for  the  West  Gulf  Coastal  Plain,  as  is  seen  by  an  inspection  of  the 


coefficients  of  variation  and  standard  deviations.  This  is  not  necessar¬ 


ily  conclusive,  however,  as  the  smaller  number  of  tests  involved  means  a 
greater  probability  for  a  narrower  range  in  tan  p ,  which  in  turn  results 
i.n  a  smaller  coefficient  of  variation.  For  practical  purposes  the  meas¬ 
ures  of  dispersion  and  skewness,  arc  essentially  the  same  for  all  group¬ 


ings.  based  on  the  above  factors  it 
is  believed  that  the  histogram  of 
all  the  tests,  figure  5,  with  its 
moan  of  0.121  best  represents  all 
the  data  studied,  and  the  remainder 
of  this  report  will  be  referred  to 
this  value. 

Tor  cent  error  involved 
in  liquid  limit  determi- 
natlons  using  mean  slope 

22.  The  histogram  and  normal 
frequency  curve  for  a  LI  '((!(  tests 
v  Wui'i  plotted  on  arithmetic  probabil¬ 
ity  graph  paper,  figure  '(.  The  ordi¬ 
nates  of  tills  graph  are  so  spaced 
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•that  a  normal  frequency  curve  will  plot  as  a  straight  lino  when  cumula- 
fi\%  per  cent  frequency  is  used  as  the  ordinate  and  the  quality  being 
iMSUfttf  as  the  abscissa.  An  inspection  of  figure  7  shows  that  the  plot- 
t*i  points  Generally  lie  above  the  normal  frequency  curve  and  tend  to 

a  smooth  curve  rather  than  a  straight  line.  Doth  of  these  facts 
«I>1  ind  icative  of  the  skewness  to  the  right  of  the  distribution. 

23.  This  cumulative  frequency  graph  facilitates  the  calculation 
of  the  per  cent  error  involved  in  liquid  limit  determinations  for  a  given 
p«r  .cut  of  the  tests.  The  standard  deviation,  0  ,  is  defined  so  that, 
$09  a  normal  frequency  curve,  the  mean  +_  0  includes  68.3  pur  cent  of 
observations  and  the  mean  +_  2  0  includes  95«5  per  cent.  The  mean, 
tin  p  -  0,121,  tan  p  _+  0 ,  and  tan  (?  _+  2  a,  (o  -  0.032),  were  plot¬ 
ted  on  the  cumulative  frequency  curve,  figure  7,  making  it  possible  to 
pick  off  actual  percentages  of  observations  included  within  the  ranges 
noted  in  the  table  below.  The  per  cent  error  in  the  liquid  limit  for 
tests  within  the  given  ranges  was  obtained  from  figure  6  where  per  cent 
change  in  liquid  limit  also  means  per  cent  error  in  liquid  limit,  and 
A  (tan  p  )  is  the  variation  of  the  mean  slope  from  the  true  flow  line 
slope.  (Fifteen  blows  were  used  for  the  following  table.) 

Percentages  of  Total  '  \ 

Observations  Lying  Per  Cent 

•Jfithin  Given  Ranges  *  Error  in 

(ail  767  tosts)  Liquid  Limit 

_ Range  in  tan  ? _  Theoretical  Observed  Using  i;  ^  lr 


tan 

r  +  0 

0.089-0.153 

68.3 

67.7 

lea  s 

than 

+  1.5 

tan 

T  +  2  0 

0.057-0.185 

95.5 

95.1 

loss 

than 

+  3*3 

less 

than 

+  4.8 

min 

ton  |i>  -  max  tan  l: 

0.027-0.235 

99.9 

100.0 

(tan 

less 

r 

than 

0.027) 

-5.8 

(tan 

0.235) 
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Factor-  affecting  the  liquid  limit 
dote  rminot  i ou  using  a  mean  .'■■Loj-'i- _ 

24.  An  examination  oi‘  Figure  6  a  hove,  that  the  per  cent  error  in 
tlic  liquid  limit  determination  depondc  on  fclio  variation  oj*  <  he  true  .tlope 
from  the  mean  elope  and  on  the  number  of  blown  ueed  to  del. ermine  a  point 
on  the  1‘lov  line.  The  preceding  paragraph  allowed  that  the  error  due  to 
variations  in  the  slope  oi’  the  flow  line  is  small.  To  keep  errors  due 
to  number  of  blows  to  >*  small  magnitude,  the  desirability  oi’  keeping  the 
number  of  blows  as  close  as  possible  to  25  is  readily  apparent.  Kor 


example,  from  the  preceding  table  the  error  for  tan  I?  +  2  a  using  15  or 
Jpi  blows  is  less  than  3.3  per  cent  for  95.1  per  cent  of  the  tests;  if  20 
or  31  blows  were  used  the  error  would  be  reduced  to  less  than  1.4  per 
cent.  (41  and  31  blows  give  the  same  error  as  X;>  or  20  blows  respective¬ 
ly,  figure  6.)  The  limiting  of  the  number  of  blows  to  between  20  and  31 
reduces  the  error  to  less  than  2.5  per  cent  for  all  7<s7  tests  as  compared 
to  less  than  ‘j.ti  per  cent  for  between  15  and  4l  blows. 


Discussion 

25.  In  the  analyses  of  the  data  it  was  found  that  tlic  values  of 
the  slopes  of  tlic  flow  lines  on  a  logarithmic  plot  exhibited  a  definite 
tendency  to  group  themselves  about  a  central  value,  in  a  distribution 
which  is  approximated  by  a  normal  arithmetic  frequency  distribution. 

While  this  is  satisfactory  for  analysis  of  the  'data,  it  is  pointed  out 
that  theoretically  a  normal  frequency  distribution  cannot  represent  the 
data  because  the  values  of  tun  3  cannot  extend  to  -  oc  and  to  h  cc  ,  but 
are  limited  to  the  range  of  0  to  +  oc  .  This  in  itself  indicates  that 
some  skewness  to  the  right  in  the  observed  distribution  of  valuoc  of  tan  3 


I 


f 


ju. 


H 


should  l  >•  •  <c;  i  ■<  •<•(.■  ■  I  ,  ’ml  i  I.  i . .  likely 
that  the;  distribution  in; i..y  lx;  bettor 
approximated  by  a  lo  ;ur  111  unicully 
normal  frequency  distribution.  /• s  a 
chuck  on  this  possIbU  ity,  t  he  data 
shown  on  fip.ure  '(  wun  plotted  on 
logarithmic  probnbil  ity  paper,  fig¬ 
ure  3  (identical  to  tin.;  arithmetic 
probability  paper  except' fox’  the 
substitution  of  a  lo/yirithmie  scale 
for  the  arithmetic  one).  On  tide 
typo  of  plot  all  the  point:;,  except 
those  for  tan  p  equal  0.0.'";  md 
0.0 bo,  lie  on  a  straight  lino,  in¬ 
dicating;  that  the  distribution  of  valuer;  of  tun  {■  is  logarithmically 
norra.il  rather  than  arithmetically  normal.  However,  for  the;  purpose  of 
this  investigation  it  was  considered  that  un  uritluiieticully  nonrnl  fre¬ 
quency  distribution  could  be  used, 

2 6.  The  observed  variations  of  tan  p  from  the  mean  may  bo  due  to 
a  natural  distribution  of  tan  p  as  a  property  of  the  soils  studied. 

However,  the  variations  from  tho  mean  may  also  be  due,  in  part,  to  errors 

*# 

involved  in  performing  tho  tests  rather  than  to  any  property  of  the  soil 
itself.  All  technicians  in  the  soils  laboratory  of  tho  Waterways  Kxperl- 
raent  station  are,  at  intervals,  requested  to  perform  the  liquid  limit 
test  on  the  same  material,  Study  of  the  results  so  obtained  indicates  a 
variation  in  values  of  both  the  liquid  limit  and  tan  p  ,  with  a  jroupinq 


Fid.  3.  Logarithmic  cumulative 
frequency  curve  —  7<->7  tests 


W  Hr-. 


I# 


o  '  the  test  results  iu  such  a  way  a;.;  to  suggest  chat  they  follov  a.  natu¬ 
ral  error  tistributionj  a  distribution  oi‘  the  rame  form  us  the  vnr  d 

frequency  curve,  ][ov.vvi  r  ,  this  i\  .  ert  ir  not  concerned  with  wliirh 

exi  1: ■.*:••  .r-ior.  beat  describes  ale  observed  variation!.;,  since  the  var  i.al  ionr. 
themselves  av  of  limited  significance. 

The;  remit.':  obtained  from  the  anulyr.ee  described  herein  are 
not  intended  to  apply  to  noil;:  other  than  those  tested,  and  no  genera!  L- 
lion  to  other  noils  is  mile.  As  re  tards  the  soils  oi'  the  Alluvia.! 

V'-lley  of  the  Mississippi  River  and  the  East  and  West  Gull  Coastal.  Plains, 
ho-, .’ever,  sufficient  tests  have  been  analyzed  to  warrant  consideration  of' 
a  simplif M  d  liquid  limit  test  procedure  i‘or  work  in  the  laboratories  of 
tin  Mississippi  River  Commission  and  Lover  Mississippi  Valley  Division. 

Lor  soils  from  other  areas  the  procedure  may  be  just  as  applicable,  but 
the  values  of  tan  6  should  first  be  determined  by  preliminary  tests.  To 
take  full  advantage  of  the  fact  that,  for  the  soils  studied,  the  disper¬ 
sion  of  the  flow  lino  slopes-  is  of  such  small  magnitude  that  errors  aris¬ 

ing  from  the  use  of  a  mean  slope  are  negligible,  the  liquid  limit  test 
procedure  outlined  in  the  following  paragraphs  is  presented. 


Recommended  H imp  lifted  Liquid  Limit  Procedure 


26.  The  simplified  liquid  limit  procedure  is  as  follows: 

’# 

a.  The  test  should  be  run  in  a  humid  room  if  the  air  is  dry. 
Mix  the  soil  to  be  tested  with  water  to  a  consistency  as 
close  to  the  liquid  limit  us  possible.  A  tcclinician  can, 
with  experience,  judge  this  very  closely.  Extreme  care 
should  bo  taken  in  the  mixing  to  obtain  a  uniform  water 
cont« ’lit  11  trou/ ;lioi it  tin*  sample. 

It.  OperuU-  the  liquid  limit',  device  ami  del. ermine  the  ucjiiU  r 
of  biova  nocossary  to  close  a  l/p-.l a.  Length  of  the  groove. 


Take  it  l‘;-20  ,*u 
a  water  c ok tent 


vet  weight  sample  at  th<  closed  groove  for 
determination.  Water  conti  nt  wights 


should  be  accurate  to  0.01  ,Tm. 


c.  Add  enough  coll  paste  at  the  water  conti  nt  ol'  step  a  to 

replace  that  removed,  and  remix  the  coil  slightly  In  the 
liquid  limit  cup  without  the  addition  o!‘  water,  hogroovo 
and  operate  the  device  again.  The  number  ol’  blovc  neces¬ 
sary  lo  close  l/i.‘  in.  oi*  the  groove  should  either  be  the 
came  as  bi  Tore  or  not  more  than  two  blow.;  different.  ( II* 
it  is  not,  it  in  a  sign  oi‘  insufficient  mix  in;'  in  step  a, 
and  the  entire  procedure  should  be  repeated.)  Take  an¬ 
other  sample  at  the  closed  groove  Tor  a  water  content 
determination.  . 

d.  The  liquid  limit  is  determined  from  the  equation: 


LL 


v, 


N 


(*) 


0.121 


where  w  is  the  water  content  at  N  blows.  Figure  9  is 

a  nomographic  chart  useful  in  solving  this  equation.  A  • 
straightedge  laid  on  a  given  water  content  at  a  corre¬ 
sponding  number  of  blows  determines  the  liquid  limit.  Two 
initial  liquid  limit  values  should  be  computed  using  the 
data  from  steps  b  and  c.  The  average  of  the  two  is  the 
final  liquid  limit.  The  difference  between  the  two  initial 
values  should  be  less  than  2  per  cent  of  their  average  to 
consider  the  tesx  valid. 

29.  If  the  liquid  limit  is  being  used  for  classification  purposes, 
the  number  of  blows  should  bo  kept  botween  1^  and  4l,  but  if  the  liquid 
limit  is  boing  used  for  quantitative  correlation  with  other  tests,  e.g., 
consolidation,  it  is  desirable  that  the  number  of  blows  bo  kept  between 


w »*ea*v  f  »  7>*rfl  "  -  ?  -  ?-^7- 
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30.  Eased  on  the  data  and  analyses  presented  in  this  report,  the 
following  conclusions  are  varranted  for  the  soils  studied  —  namely, 
medium  to  highly  plastic  inorganic  clays  with  liquid  limits  less  than  150 
from  the  Alluvial  Valley  of  tho  Mississippi  Rivor  and  tho  East  and  West 
Gulf  Coastal  Plain  areas. 

a.  The  slopes  of  liquid  limit  flow  lines,  when  plotted  to  a 
loguritlunic  scale,  tend  to  croup  around  a  central  value 
which  appears  to  be  independent  of  soil  type  and  geologic 
classification. 

• 

b.  The  variations  of  the  slopes  of  tho  flow  lines  for  tho 
soils  studied,  without  regard  to  geologic  origin,  satis¬ 
factorily  approximate  a  normal  frequency  distribution. 

This  result  makes  it  possible  to  use  the  simplified  liquid 
limit  procedure. 

c.  Liquid  limits  computed  using  a  mean  flow  line  slope  of 
0.121  and  one  liquid  limit  test  point  give  results  voll 
within  the  accuracy  required  in  normal  work. 

d.  It  is  recommended  that  tho  simplified  liquid  limit  proce¬ 
dure  described  in  paragraphs  28-29  bo  adopted  for  soils 
from  the  Alluvial  Valley  of  tho  Mississippi  Rivor  and  tho 
East  and  West  Gulf  Coastal  Plain  aroas.  This  proccduro 
will  result  in  a  substantial  reduction  in  the  cost  of 
liquid  limit  determinations. 
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No. 

Moan 

Hnn^n  t  •» ’i  F 

linin'" 

1.1. pi  Id 

Limit 

Hnnyn 

rinnt  lr 1 1 y 

f  rtflr* 

Pro, yet  mi.l  local.  ion 

r.colocl-  Description 

Tontn 

ten  P 

Min  Mi* 

Hln 

Me* 

Hln  1 

Me* 

Upper  ft.  prone  In  i/'vco  District, 
vicinity  ml  XU  Alii’  rt  bank 

Docent  alluvium 

40 

0.112 

0.027  0.193 

33 

104 

4 

74 

Heel Too-  I A3\vv.  rir.tr let* 
vicinity  mi  'XX)  AH?  It  bank 

Decent  alluvium 

30 

0.122 

0.071  0.176 

30 

102 

9 

1  J 

Tiptonv I  llc-OMon  Hlver  lovoo 
Kxtf'ns  Ion,  vicinity  ml  AID* 

It  bank 

Docent  ollut turn 

25 

0.107 

0.061  0.130 

59 

147 

35 

97 

lover  lit.  rrmicls  Lovoo  District, 
vicinity  ml  i",>0  AI1P  rt  bunk 

Docent  alluvium 

25 

0.123 

0.071  0.i»0 

34 

94 

7 

( y>' 

Upper  Ye/.oo  lovoo  District, 
vicinity  al  700  Alll'  It  bank 

Bacon.  alluvlua 

25 

0.122 

0.003  0.176 

35 

106 

14 

uo 

White  Diver  iovco  District, 
vicinity  ml  h'jti  Alll’  rt  bank 

Decent  alluvlua 

25 

0.094 

0.009  0.130 

43 

107 

22 

rt 

Coldwilor  Hlvcr  levee , 

Uo Id vn l.cr  Hlvcr,  Mississippi 

Yer.oo  Hlver  lies  In, 
recent  elluvlina 

15 

0.0' »Y 

0.069  0.130 

50 

99 

31 

73 

Greenwood  iTotcctlon  Iaivoo, 
Greunvood,  Mluslcslppl 

Yuzoo  Hlver  Dnuln, 
rocont  ulluvlum 

13 

0.0X1 

0.0/2  0.122 

50 

100 

32 

69 

Bougero  Lovoo, 

vicinity  Nutchoz,  Miss.,  rt  bank 

Decent  alluvlua 

22 

0.101 

0.074  0.129 

59 

122 

34 

86 

Biyon  Cocodr  to, 

Lowor  Tensas  Basin, 

23 

0.128 

0.097  0.185 

47 

115 

26 

87 

vicinity  i'Hinv,  Louisiana  bee  ku  wimp  and  natural 


lovoo  dopoalts 

Morumvivn  Kloaivey  Aron, 

Atcliefelnyn  Hlvcr  lVinln,  1a, 


Deyou  Uorrol  lock, 
nppru*  10  ml  ilV  l'laquealno, 

I/i. 

Ikic kuvamp  deposits 

13 

0.121 

0.037  0.196 

66 

136 

40 

96 

Teles  K,  lViclflc  Hit  Kmbenkmunt 

Backavnmp  deposits 

49 

0.127 

0.070  0.20e 

28 

122 

6 

90 

(l’ort  Allen  branch),  runs  NW 

I'm  Morgnnzu,  in.,  about  9  ml 
Ion* 

N.O.T.A  M.  iiii  Kmuiuikment ,  runs 

Backnwnmp  dopoalts 

10 

0.108 

0.004  0.148 

34 

103 

11 

67 

boLvuon  Krotr.  liprlngn  A 
Corlnbleau,  1a. 

Morgunza  Control  Structure, 

Bac kuvamp  dopoalts 

55 

0.128 

0.063  0.222 

30 

117 

3 

79 

approx  5  ml  north  Morganxa, 

Channol  filling 

13 

0.123 

0.080  0.228 

30 

115 

5 

88 

1a. 

deposits 

. 

Votoruns  Administration  Hospital, 

Decent  marsh  deposits 

8 

0.109 

0.084  0.132 

60 

82 

35 

54 

Nov  Orleans,  I*. 

Marino  deposits 

12 

0.115 

0.070  0.180 

24 

83 

9 

52 

Pleistocene- Prairie 

8 

0.104 

0.038  0.212 

59 

82 

35 

54 

deposits 

Algiers  Lock, 

Recent  marsh  deposits 

18 

0.100 

0.070  0.171 

58 

99 

37 

71 

vicinity  of  Algiers,  Ia. 

Marins  deposits 

3 

0.143 

0.128  0.154 

54 

66 

38 

44 

Alluvial  Valle  *  of  Mississippi  River  432  0.115  0.027  0.228  24  147  3 
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Project.  and  locution 

Goolo.-lc  Description 

No. 

Tr:;t.rt 

Mrflii 

t.nn  H 

Hunr**  *.nn  h 
Min  M/i* 

Wl  i|.*n 

i.lipi  M 

I. Ir.lt 

Min  Knjr 

jiHflp.O 

PJimt  1c  lty 

1  iidnT 

“Min  Max 

VEST  Gtnj  COASTAL 

mm 

, 

Voxarkium  Ivls,  Sulphur  Rlvor, 

ri#»  l:*lcx*<M»o<T«rr»ico 

I0(i 

o.l.v 

0,073  o.l  i.’ 

«■'* 

W  ) 

7o 

vicinity  Texarkana,  Ark. 

dr  port  it 

Wallaco  Luko  Dun,  Red  River, 

Rod  Rlvur  Valley, 

13 

0.127 

0.0 <yb  0.170 

97 

IV, 

33 

y> 

approx  15  ml  south  Ahrovoport, 

rocont  alluvium 

In. 

Rod  Klvor  lateral  Canal, 

Red  Rlvor  Vulloy, 

10 

0.120 

0.07b  0.212 

30 

71* 

11 

kb 

vicinity  of  Marksvllle,  la. 

rocont  alluvium 

Schooner  Bayou, 

Plnlutoeono-l’rairie 

V 

0.133 

0.069  0.210 

31 

03 

9 

bit 

approx  113  ml  south  Abbovlllo, 

drponl  til 

La. 

Wont  Gulf  Coautul  Plain 

13b 

0.129 

O.O69  0.21J 

29 

</» 

9 

76 

FAST  GULF  COASTAL  PIADI 

Granada  Dam, 

Yalobuuhn  Rlvor  Valley 

vicinity  Grenada,  Miss. 

Tertiary  (Kocono) 

69 

0.133 

0.067  0.239 

17 

100 

2 

73 

Rocont  alluvium 

£5 

0.129 

0.069  0.19P 

29 

121 

9 

«b 

Mlnolmilppl  Rlvsr  Basin  Modal, 

Tertiary  (Kocono) 

hi 

0.120 

0.073  0.179 

32 

100 

ic 

07 

Clinton,  Mian. 

East  Gulf  Coastal  Plain 

135 

0.130 

0.065  0.239 

17 

121 

2 

9b 

MISCELLANEOUS 

Garrison  Dam, 

Missouri  Rlvor  Valley 

• 

vicinity  Garrison,  H.  D. 

Racent  alluvium 

b2 

0.121 

0.063  0.197 

30 

99 

3 

76 

Glacial  till 

7 

0.130 

0.100  0.207 

26 

UO 

10 

22 

Average 

*»9 

0.123 

Blakely  Mountain  Dam, 

Ouachita  Rlvor  valley 

10  ml  MW  Hot  Springs,  Ark. 

Residual  and  Alluvial 

13 

0.123 

0.07b  0.151 

20 

33 

5 

16 

Miscellaneous 

6b 

0.123 

0.063  0.207 

20 

99 

3 

76 

da _ i 
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Ar»»n 

?«o. 

7*  n- t  r. 

M»vm 

t  rin  P 

n/»'  fAn  0 

*  Min  Vnx 

fiUunlnrd 
Dovlntlon 
(•’)  . 

Okowrinn* 

M  ■ 

CcviTIc  lout, 
of 

Variation 
(r  i) 

I.t'I'l  111 

1.1  ml  |.  __ 

Mhi '  Mrit 

Hmm  t/n 

I  i»r1*,ir 

Hii  m  ~ 

lly 

tin 

Alluvial  All  lev  of 

Ml  '.!i!..ii!ppl  llvor 
(Till’lo  1) 

U  .l.-* 

0.115 

0.027  o.r.’fl 

0.032 

+0.55 

27.11 

P'l 

HtV 

i 

•n 

',,'iKit  Oulf  Conn  ml  l'lnln 
(Tnhln  2) 

136 

0.125 

0.065  0.212 

O.O20 

+0.52 

22.lt 

2r) 

99 

5 

7(> 

"jir.t  Oulf  Comitnl  Plain 
(Tallin  2) 

135 

0.130 

0.0(j5  0.235 

0.035 

+O.UV 

26.9 

17 

121 

? 

't>i 

Mlucnllnnnoun  (Tnblo  2) 

64 

0.123 

0.063  C.207 

- 

- 

- 

20 

99 

3 

76 

All  Tent* 

767 

0.121 

0.027  0.2J5 

0.032 

+O.U2 

26.lt 

17 

1M7 

a 

97 

31067 
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PLATE  I 


■  *  *  9  y*rr 


PLATE  2 


AFTER  A  CAJAORASS 


X30NI  AlOllCVtd 


X30NI  AllOllSVId 


PLASTICITY  CHARTS 

PROJECTS  IN  THE  ALLUVIAL  VALLEY  OF 
THE  MISSISSIPPI  RIVER 


PLATE  6 


PLASTICITY  CHARTS 


EAST  GULF  COASTAL  PLAIN 
135  TESTS 


FREQUENCY 


PLATE  11 


FREQUENCY 


TAN  (5 


WHITE  RIVER  LEVEE  DISTRICT 
RECENT  ALLUVIUM  25  TESTS 


UPPER  YAZOO  LEVEE  DISTRICT 
RECENT  ALLUVIUM  25  TESTS 


LOWER  ST  FRANCIS  LEVEE  DISTRICT 
RECENT  ALLUVIUM  25  TESTS 


HISTOGRAMS  OF  GEOLOGIC  SOIL  TYPES 


PLATE  12 


FREQUENCY 


'•  W;*  f  '"4  >  ’"•'.V  tV  *  .»  *  ^  j^ry.  .w. 


0.025  0.050  0.075  0.100  0.125  0.150  0.175  0.200  0.225 

TAN  (3 

BAYOU  SORREL  LOCK-BACKSWAMP 
13  TESTS 


0.025  0.050  0075  0.100  0.125  0.150  0.175  0.200  0.225 

TAN  (3 

BAYOU  COCODRIE 
BACKSWAMP  AND  NATURAL  LEVEE 
23  TESTS 


HISTOGRAMS  OF  GEOLOGIC  SOIL  TYPES 


PLATE  14 


FREQUENCY 


TAN  0 

N.O.T.  AND  M.  R.R.  EMBANKMENT 
BACKSWAMP  10  TESTS 


TAN  0 

TEXAS  AND  PACIFIC  R.R.  EMBANKMENT 
BACKSWAMP  49  TESTS 


HISTOGRAMS  OF  GEOLOGIC  SOIL  TYPES 


PLATE  15 


FREQUENCY 


20 


1 

— m 

_ 

EAN  0.1 

_ 1 

23 

'  -I 

ii 

r°n 

Q  1  II  ■  ■■  ■■  ■  *  .  M  M 

0  0  SO  0.075  0.100  0.12  5  0.150  0.175  0.200  0.22  5  Q250 

TAN  0 


MORGANZA  CONTROL  STRUCTURE 
CHANNEL  FILLING  13  TESTS 


TAN  P 

MORGANZA  CONTROL  STRUCTURE 
BACKSWAMP  55  TESTS 


HISTOGRAMS  OF  GEOLOGIC  SOIL  TYPES 


PLATE  16 


FREauENCY 


0.02b  0.0  bO  0.075  0.100  0.1 2b  O.ISO  0.17b  0.200  0.22  b 

TAN  (3 

VETERANS  ADMINISTRATION  HOSPITAL 
PLEISTOCENE  PRAIRIE  DEPOSITS  8  TESTS 


MEAN  0.115 


0I _ I  l  l _ I _ I _ I _ _ 1-4—1 _ I _ I 

0.02b  0.0  50  0.075  0.100  0.12b  O.lbO  0.17b  0.200  0.22b 

TAN  (3 

VETERANS  ADMINIS  f NATION  HOSPITAL 
MARINE  DEPOSITS  12  TESTS 


I 


0.025  0.050  0.075  0.100  0.12  5  0.150  0.17b  0.200  0.22b 

TAN  (3 

VETERANS  ADMINISTRATION  HOSPITAL 
RECENT  MARSH  8  TESTS 


HISTOGRAMS  OF  GEOLOGIC  SOIL  TYPES 


-PLATE  17 


0  0.025  0.050  0.075  0.100  0.(25  0.150  0.175  0.200 

TAN  0 

ALGIERS  LOCK-MARINE  DEPOSITS  3  TESTS 


0  0.025  0.050  0.075  0.100  0.125  0.150  -  0.175  0.200 

TAN  0 

ALGIERS  LOCK-RECENT  MARSH  Id  TESTS 


HISTOGRAMS  OF  GEOLOGIC  SOIL  TYPES 


PLATE  18 


FREQUENCY 


TAN  & 


TEXARKANA  DAM -PLEISTOCENE 
TERRACE  DEPOSITS  IOG  TESTS 


HISTOGRAMS  OF  GEOLOGIC  SOIL  TYPES 


PLATE  19 


FREQUENCY 


TAN  ft 

SCHOONER  BAYOU- PLEISTOCENE 
PRAIRIE  DEPOSITS  7  TESTS 


TAN  ft 

RED  RIVER  LATERAL  CANAL 
RECENT  ALLUVIUM  10  TESTS 


WALLACE  LAKE  DAM 
RECENT  ALLUVIUM  13  TESTS 


HISTOGRAMS  OF  GEOLOGIC  SOIL  TYPES 

*4 


PLATE  20 


FREQUENCY 


O.IOO  o.!»  0..'b°  g55-g»  o»o 

TAN  £ 

MISSISSIPPI  BASIN  ^^|5“t"^ERT,ARY  (E0CENE) 


sssifinH 


o°,V,  '  o.o'rs  ,,'oo  0,»  0,»c  o.,t»  o.aoo  o.«»  o.»o 

TAN  P 

GRENADA  DAM-RECENT  ALLUVIUM  25  TESTS 


■MEAN  0.133 


fob  0.073  0.100  ~U»  0.130  "o..73  0.200  ^30 


TAN  P 


GRENADA  DAM-TERTIARY  (EOCENE)  69  TESTS 


HISTOGRAMS  OF  GEOLOGIC  SOIL  TYPES 


:xrrtr 


i  vn  ^  i-a 


r 

! 


i 


i 

i 

i 


TAN  (3 


BLAKELY 
RESIDUAL  AND 


MOUNTAIN  DAM 
ALLUVIAL  15  TESTS 


TAN  (3 

GARRISON  DAM-GLACIAL  TILL  7  TESTS 


TAN  (3 

GARRISON  DAM-RECENT  ALLUVIUM  42  TESTS 


HISTOGRAMS  OF  GEOLOGIC  SOIL  TYPES 


PLATE  22 


|,Mi| 


RESEARCH  CENTER  LIBRARY 


U.  S.  Army  Engineer  Waterways  Experiment  Station 
CORPS  OF  ENGINEERS 

Vickiburg,  Mississippi 


